Across the nation, fire departments are adopting the 48/96 work schedule, in which firefighters work 48 consecutive hours with the following 96 hours off. Our study objective was to explain and quantify the impact of switching from the Kelly schedule to the 48/96 schedule by measuring changes in sleep, feelings of daytime function, as well as perceptions of professional and personal well-being for American firefighters. Sleep diaries and self-reported surveys were administered to firefighters at an urban fire department. Sleep diaries measuring the number of hours slept and feelings of refreshment were compared one month before and four months after implementation of the 48/96 schedule. The self-reported surveys measured sleepiness levels via the Epworth Sleepiness Scale. Secondary study objectives included changes in professional and personal well-being time for personal schedules, satisfaction, and health habits before and after the 48/96 schedule was implemented. The 59 firefighters included in the study reported an increase in sleep on-shift after the new schedule implementation (5.8 to 6.6 hours/night, p < 0.001). Participants also reported increased feelings of refreshment on days off (p < 0.001) and decreased daytime sleepiness (p < 0.001).
Introduction
The 48/96 schedule, a six-day rotation in which firefighters work 48 consecutive hours followed by 96 hours off, has been widely adopted by American fire departments over the past decade, increasingly supplanting the previously widespread Kelly schedule [1] . The trend toward the 48/96 schedule has resulted in an increased occurrence of four consecutive days off, providing positive externalities such as allowing more full weekends at home, reducing commute days, providing fewer transitions between shifts, and simplifying the scheduling process. On the other hand, the 48 hour on-shift requires firefighters to work a double shift, potentially necessitating 48 consecutive hours of work without sleep, as well as requiring firefighters to be away from families and personal responsibilities for 48 hours.
Firefighters receive an inadequate amount of sleep during 24 hour shifts. (1) This lack of sleep has been found to be an influencing factor in firefighters' psychosocial well-being and fatigue, and has been found to be a major contributor to work stress. (2-4) A study of British firefighters observed a significant decrease in alertness and body temperature and an increase in reaction time over the course of a 24 hour shift. (5) The impact of work schedules on sleep quality or well-being has rarely been studied in this population. One study reported increases in discipline measures, use of sick leave, traffic and collisions, as well as a slower turn out time, for firefighters on the 48/96 schedule compared with the Kelly schedule. (6) There were more injuries, however, for those working on the Kelly schedule. (6) A review of work schedules noted that of 65 fire departments across the United States that trialed the 48/96 schedule for one year, no departments reverted to previous schedules during or after the year trial period, (7) suggesting that the 48/96 schedule may positively impact firefighters' personal and professional well being.
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Our study aims to explain and quantify the impact of switching from the Kelly schedule to the 48/96 schedule by measuring sleep quality and daytime function, measured by hours of sleep obtained, number of sleep interruptions, time to fall asleep, and feelings of refreshment and daytime sleepiness, reported by firefighters employed by a large, urban fire department. Secondary outcomes of interest included changes in professional and personal well-being, measured as feelings of burnout, time for personal schedules, job satisfaction and health habits. The study was conducted to provide evidence to support a partner fire department's decision to continue the 48/96 schedule, as well as to add to the limited body of knowledge on this topic.
1. The Kelly schedule is a nine-day rotation in which firefighters work three 24 hour shifts with 24 hours off after the first two shifts and 96 hours off after the third shift. ↑
Materials and methods
This pre-post study utilized sleep diaries and self-reported surveys to measure firefighters' sleep quality, daytime function and personal and professional well- 
Sleep diaries
Sleep diaries were completed after waking each morning for one week before and after implementation of the 48/96 schedule. The printed form contained five questions and was estimated to take less than five minutes to complete per day. In the diaries, participants estimated the amount of time it took to fall asleep, the hours of sleep obtained, the number of sleep interruptions (awakenings) experienced, feelings of refreshment reported on a three-point scale ranging from "fatigued" to "very refreshed," and whether participants were on or off shift the previous night. All sleep diary questions were developed by our research team.
Self-reported survey
Participants were mailed a separate 37-question self-reported survey before and after implementation of the new work schedule. The eight-question Epworth Sleepiness Scale (ESS) was applied to measure daytime sleepiness levels.
Secondary measures of interest included perceived interruptions in personal
schedules (five questions); satisfaction (five questions); feelings of burnout (six questions); and health habits (three questions). Age, gender, number of years in current job, whether or not respondent was a paramedic technician, and length of daily commute were also collected. The survey was estimated to take 20 minutes to complete. Non-responders were sent one reminder post card, following the guidance of the Total Design Method. (8) The ESS is a validated tool that was applied to assess general levels of daytime sleepiness by asking respondents how likely they are to doze off or fall asleep in eight different routine situations during the day. 
Results
Of 269 firefighters sent sleep diaries and surveys, a total of 109 and 98 returned sleep diaries (41% and 36% response rate) and 160 and 106 returned surveys (60% and 41% response rate) in December and April, respectively. Of the sleep diaries, 94% and 76% of the total participants signed a consent form in December and 
Feelings of refreshment
For both periods of being on and off shift, there was a considerable improvement in feelings of being refreshed after the 48/96 schedule implementation. During on days, there was a significant improvement in feelings of being refreshed after the SIGNA VITAE 2015; 10(1): 25 -37 48/96 schedule implementation (p<0.05). Participants felt more fatigued, however, the second half of the 48-hour shift than the first 24 hours of the shift (p<0.05).
Participants reported a significant improvement in feeling more refreshed on their off days post implementation (p<0.001).
Sleep interruptions
There were no changes in the number of sleep interruptions before and after implementation of the 48/96 schedule (table 2).
Amount of time to fall asleep
We did not observe any significant changes in the average amount of time to fall asleep pre and post implementation. There was also no appreciable change in time to sleep between the first and second half of the on-shift during the 48/96 shift (table 2).
Secondary outcomes

Feelings of burnout
There was a general trend towards reduced burnout after implementation of the new schedule. Specifically, participants were less likely to rate the following perceptions "To a very high degree" or "To a high degree" after implementation:
Feeling they gave more than they were getting back when working with patients (19% v. 9%, respectively); Feeling tired working with patients (5% v. 3%); Feeling frustration when working with patients (2% v. 0%); Feeling energy drain when working with patients (5% v. 3%). There was no change in reports of participants wondering how long they could continue working with patients (7% for both).
Personal Schedules
After implementation, we observed a decrease in the proportion of participants 
Health habits
We found no significant changes in health habits before versus after implementation of the 48/96 schedule. The number of cigarettes smoked per week was unchanged; only one participant reported smoking cigarettes throughout the study. The consumption of alcoholic beverages per week remained unchanged (3.6 both pre and post implementation). The consumption of caffeinated beverages per day also remained constant (2.5 v. 2.2 drinks per day).
Discussion
American firefighters provide around-the-clock emergency services, necessitating long, uninterrupted work shifts. We found the switch from the Kelly schedule to the 48/96 schedule, led to favorable improvements in sleep, including an increase of hours slept, a small but statistically significant reduction in daytime sleepiness, and an increase in feelings of refreshment. We also observed improved Of note, health habits did not change after implementation of the new schedule.
The prevalence of smoking tobacco was lower than other studies of firefighters (only one firefighter in our study reported to smoke cigarettes), although prevalence of smokeless tobacco, which has been found to more common among firefighters than the general population, (20) was not collected. On average, 3.6 alcoholic drinks were consumed per week in our study; this was also lower than other recent epidemiological studies assessing the use of alcohol among American firefighters. (20, 21) Lastly, there was a marginal reduction of caffeinated beverage consumption, from 2.5 to 2.2. The numbers remained moderate, demonstrating a continued healthy level of caffeinated beverages through the study.
There are several limitations. First, we had a small sample size, restricting our ability to generalize our findings. As the study allowed participants to either sign a consent form or remain anonymous, we could not match all of the surveys pre SIGNA VITAE 2015; 10(1): 25 -37 and post implementation. We had a lower rate of firefighters choosing to sign consent forms in the surveys gauging personal opinions, which may reflect some apprehension about sharing opinions about the shift or their positions. Our results, however, were similar to an unpublished grey paper which included analysis of all respondents in our study population. (22) In our study, we did not include reasons for waking during the night, thus we could not attribute the cause of an awakening as due to a sleep disturbance or due to answering an emergency call. Notably, the fire department received a similar number of calls in December and July (2,997 and 2,898, respectively), and did not expect a large fluctuation in April, but it is not possible to tell the timing of the calls. In any self-reported study, responder bias must be listed as a limitation that may restrict the accuracy of a response. Further, the study period was only one week long, thus we were not able to capture to firefighters' experience throughout the 9 day Kelly shift.
Obesity and heart disease is greatly prevalent within American firefighters, and cardiovascular disease is the leading cause of duty-related death for firefighters.
(23) Future studies should examine how shift schedules impact rates of exercise and food choices. Additionally, future studies may wish to utilize a web-based survey application to improve response rates and reduce the time spent sending surveys and diaries in the mail. We would also recommend future studies examine perceptions of safety, including the perception of driving while on shift as well as commuting home after the shift has ended, and include reasons for awakenings.
These topics may further contribute to the limited body of knowledge about the impact of work schedules on sleep and satisfaction for firefighters.
Conclusion
There are few studies that measure the impact of work schedules for firefighters in the United States, and few, if any, publications comparing quality and perceptions of daytime function before and after new shift implementation. Our study provides evidence that participants improved sleep quality and daytime function after switching to the 48/96 schedule from the Kelly schedule. It also improves professional and personal well-being may improve after implementation of the new work schedule. It is our expectation that these findings can be used to guide fire departments across the country in policy debates over work schedules.
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